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(54) Method and vessel for Installation of off-^hore windmills 



(57) There is disclosed a vessel (1) and a method 
for Instaliing off-shore windmills (11). 

Main components for windmill (11) and base (10) 
are assembled into one unit at a locatbn other than the 
final location. The pre-essembled unit is subsequently 
shipped to and placed at the final location by using the 



vessel (1). 

The unit is supported at one point (L) on the mill 
tower immediately above the centre of gravity (G) of the 
unit by lifting, during shipping and installation. Thus It is 
possible to use vessels where the support construction 
for the unit has substantially lower height that previously. 
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Description 

[0001] The present invention concerns a nnethod for 
instailing off-shore windmills , a vessei for such installa- 
tion as defined in tlie preambte of claims 1 and a, re- 
spectively; and a windmill as defined in the preannble of 
claim 14. 

[0002] Instailadon of windmills at sea Is prior art. The 
first sea-based windmill famn was erected in 1 d91 . On 
that occasion, caisson foundaljons were made In dry 
dock and then floated to the chosen position and sub- 
merged. Instaiiatlon of the windmills occurred in the way 
that they were assembled completely in a dose-lying 
harbour, transferred to barges, towed to the founda- 
tions, lifted upright and moved over onto the founda- 
tions, 

[0003] Largely the same method was used in the next 
significant project However, the caisson foundations 
were towed out on a barge instead of floating by them- 
selves, and the mills were installed by main compo- 
nents, with tower, mill top and rotor In each their lift. 
[0004] Single pile foundations were used in two later 
projects. The foundations were rammed and bored, re- 
spectively, into the underground, and here again the 
mills were installed by main components. 
[0005] it is known that the methods used until now 
have a number of drawbacks. Primarily, the processes 
are relatively complicated and work intensive which are 
considerable disadvantages by off-shore worics. Trans- 
port conditions and down thie due to weather implies 
that the average cost per effective woric hour is much 
higher than on shore. The complicated processes that 
have to occur in a certain succession also tnply an in- 
creased risk of being surprised by bad weather or break- 
down of mffi:hinery at an unpropitlous time in the course 
of the project Besides. It is a cost-raising factor that In- 
stallation of foundations (bases) and windmills usually 
occur by two separate processes each giving cause to 
mobilisation costs. 

[OOOq it is known that work conditions at sea in gen- 
eral are much more difficult that on land. An often used 
comparison is that the costs per effective work hour is 
of the magnitude 1 0 times greater at sea than on land. 
[0007] in a series of concept studies, aitematlvefi to 
the known methods have been examined. The purpose 
has been to reduce the costs at a superior level, and 
more specifically this has been utilised in different pro- 
posals to methods where the known disadvantages are 
reduced. An example of such aKematives are proposals 
conceming floating of foundation and windmill in one 
step. The method is here that windmill and foundation 
are assembled on shore, for example in a dry dock or 
at a place where the foundation may be slid into the wa- 
ter. The necessary buoyancy is either provided by built- 
in buoyancy eiements in the foundation itself or by tem- 
porary buoyancy elements which are fastened to the 
foundation during the floating. 

[0008] A considerable drawback by assembled float- 



ing is that buoyancy elements of conelderabie size are 
required for providing the necessary buoyancy and sta- 
bility. By windmills of the size expected to be installed 
at sea in larger number (windmills of or with more than 

5 500 kW Installed power), the buoyancy eiements be- 
come substantially larger than those which may be In- 
tegrated into a normal foundation within the usual eco- 
nomic limits. Therefore, It Is necessary with temporary 
buoyancy elements which are to be of considerable size 

10 with the costs associated therewith. The handling of 
such elements at sea Is no snuiii task, and a part of the 
saving on the mounting of the mill is In danger of being 
k)st by work on the buoyancy elements. Another sub- 
stantial disadvantage is that the atability during the slnk- 

<ff Ing on the selected site may raise problems, if the sink- 
ing occurs by letting In water or other ballast into the 
buoyancy elements, the fbat stability Is typically Im- 
paired substantially, which Implies an Increased risk of 
capsizing. Unless there are favourable tide conditions 

^ so that the sinking may occur by sinpie grounding at 
tow tide, where the necessary ballast may be supplied 
quickly for providing stability on the bottom, the stability 
problem during sinking will normally inopiy that a foun- 
dation with integrated, permanent buoyancy elements 

^ wiii need either complksted filling routines in mutually 
dosed chambers or external stabilisation during sinking, 
e.g. support tiy a crane. For temporary buoyancy ele- 
ments not integrated in the foundation, there will typical- 
ly be a need for similar arrangements or, altemath^aty, 

30 the possibility of the sinking occurring by towering from 
the buoyancy elements, iiowever, the latter requires 
winch capacity on and a certain kind of mutual connec- 
tion between the buoyancy elements as well as require- 
ments for controlling the process will be considerable. 

35 Aconsequence of this Is that insurance will only be pos- 
sible on the background of very comprehensive descrip- 
tions of woric and methods, model expertmentB, safe^ 
assessments etc. which may raise the costs of the proc- 
ess considerably. 

40 [D009] It Is known that offshore structures in other 
connections (oil and gas industry) In large units are lifted 
or pushed from q uay onto floating vessels and then lifted 
In place at the desired iocatton. However, here Is nor- 
mally talked atx3ut "topside" structures, i.e. the search 

4S or productton unit Itself, while the foundation has been 
estabiishcKi in advance. Other offehore structures, typi- 
cally woric and search platfonns, are floating by thenv 
solves and may be towed to the desired tocatton where 
they are either sunk or supported with legs according to 

so Jack-up like metiiods. However, here we are talking 
atiout temporary stnictures ¥vhere the method itself dif- 
fers considerably from the one which is disclosed here. 
[001 0] Rnaliy, it Is prior art that ofTshore structures in 
one piece, with or without foundation, may be mounted 

S5 on or at quay, lifted upon a transport vessel, towed to 
the Installation loc»tlfy and there, still In one piece, lifted 
to the final tocation. By ttie lift performed In this metiiod, 
floating cranes are normally ahvays used with sufficient 
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lifting capacity, where the structure Is suspended under 
a hook, and where the stability Is secured by lifting In 
the approximately highest point of the structure, sub- 
stantjaliy above the centre of gravity, in a variant of this 
method, no transport vessel is used, and the fJoatIng 5 
crane Itself carries the burden on the way from quay to 
the final location. The advantage of not using any trans- 
port vessel Is that, by the lift at sea. relative movements 
between transport vessel cuid floating crane caused by 
sea may be disregarded. Methods of this kind normally io 
have the very signifteant disadvantage that they depend 
on use of a floating crane the lifting capacity of which 
corresponds to the weight of the complete structure and 
the lifting height of whteh substantially exceeds the 
height of the struc^re to be Installed. If this structure is is 
a wind mill tower or a windmill, a lift over the top of the 
tower or the windmill Is normally requifed. Typically, the 
height Is here In the magnitude 60-100 m or more, and 
the requirements to the f toating crane therefore become 
great. Implying the supply of suited vessels becoming so 
rather limited. The latter may hiply consWerable disad- 
vantages with respect to availability at the desired time 
as well as the level of cost The problem is worsened If 
the floating crane Itseif carries the bad on the way from 
quay to the final location, i-iere. the f bating crane per- ^ 
fonms a function that otherwise may be performed by a 
much cheaper vessel whbh is less in demand. 
[0Q1 1] The object of the Invention Is to provide a meth- 
od for installing windmills at sea, whbh minimises costs 
and risk, and which avoMs the drawt)ackB connected 30 
with installation by the methods known hittierto. 
[001 2] This is achieved by a method and a vessel of 
the kind mention In introduction whbh have the charac- 
teristbs Indicated In claims 1 and 8, respectively, and a 
windnill with the charactertetics Indicated in daim 1 4. 3s 
[0013] iHereby Is achieved that tiie vessel used is 
adapted to the structure in the way that it has a lifting 
height whbh is substantially reduced in relation to the 
lifting height of a normal floating crane and which may 
be made as a temporaiy Installed structure on a stand* 40 
and vessel. 

[0014] Compared with prior art, the Invention ftnplles 
a number of advantages. 

[0015] Winc^iil and foundatbn may be mounted as 
a unit on land or at quay, and ail mounting of cables and 45 
other accessories may be finished. Depending on the 
type of base (foundatbn) and otiier circumstances, 
even the possibility of test running on land may be 
achieved. Compared with the prior art methods, a vary 
significant advantage is hereby achieved. Work as well so 
as test running may occur under normal, favourable 
worfc and safety conditbns and with much lower cost 
than at sea. Possble faults may also be repaired with 
far less costs. Landbased crane assistance may be pro- 
vided at normal rates if necessary. ss 
[0016] Windmill and base may be shipped in one 
piece, typically by the same vessel performing lifting as 
well as transport and installation. This may occur with 



the mill tower oriented largely vertically without require- 
ments of very high floating cranes and witii the possibil- 
ity of not damaging the mill construction whbh is the risk 
if transported horizontally and raised at the location for 
Installing. Hereby, compared with an arrangement with 
floating from a dry dock, Is achieved the sfgnlficant ad- 
vantage that standardised vessels and tools may be 
used, and that temporary buoyancy eiements do not 
have to be dismounted under difficult conditbns at sea. 
Compared with arrangements where the windmill is 
erected piece by piece at the location at sea, by the in- 
vention is achieved the advantage that the number of 
working hours at sea are reduced to the least possible. 
[0017] Compared with an instaliatbn with floating 
crane of a compIetB windmlil with base, there is 
achieved the very significant advantage that the vessel 
required according to the method may have a lifting 
he^ht which isoonslderabty reduced compared with the 
lifting height for a normal floating crane. A further ad- 
vantage is that the structure may ba made as one or 
more separate units that may be nraunted on a standard 
vessel, for example a standard offshore barge. Thereby, 
the prbr art disadvantages concerning availability atthe 
desired time and cost level for normal fbating cranes 
are very much reduced. Compared with installation 
methods where the windmills aro transported on sepa- 
rate vessels, there is achieved the advantage atthe lift- 
ing at sea that relative movements between transport 
vessel and floating crane caused by sea may be disre- 
garded. Compared with the method where the transport 
at sea is performed with a nomrial floating crane and 
¥rhera the problems with relative movements are also 
avoided.the Inventbn has the signifbant advantage that 
an expensive unit in demand, like a floating crane, Is not 
to be used for pure transportation purposes. 
IPOIS] Advantageous embodiments of the invention 
are descrbed In the Independent claims. 
[P019] The Invention Is described more cbsely in the 
following as reference is made to the accompanying 
schematic drawing, where: 

Rg. 1 shows a vessel according to the invention 
supporting a winctnill according to the Inven- 
tion. 

Rg. 2 illustrates different steps in a method accord- 
ing to the invention when using the vessel 
shown in Fig. 1, 

Rg. 3 shows a second embodbnent of a vessel ac- 
cording to the Invention supporting a windmlil 
according to the invention, and 

Rg. 4 illustrates different steps in a method accord- 
ing to the inventbn t>y using the shown vessel 
In Fig. 3. 

[0020] Rgure 1 shows a vessel made according to the 
invention. On a standard offshore barge 1 . e.g. with the 
dimensbns 90 x 3D m, there Is mourned two pairs of 
derricks, a front pair 2 and a rear pair 3. The derricks 
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are Identical and su^ended by Identical bearings 4 fas- 
tened to the deck of the vessel. At their upper ends, the 
denlcks carry a tackle amangement 5. With suitable 
winches 6 the relative orientation of the derricks to ver- 
tical may be adjusted, and the suspended kiad may be 
haufed up and down. On the windmill, Immediately over 
the centre of gravity G of the total structure, there are 
provided connecting means 20 on the tower at a position 
L Interacting with connecting means 21 at the end of a 
wire 22 running In thetackle arrangement 5. On thetow- 
er there is fastened a guide 7 ensuring that the lifting 
rods 8 may attack at a position on the structure with suf- 
fksient carrying capability, even if this is below the centre 
of gravity, as e.g. here In the transition 9 between the 
foundation or base 10 and the windmill 11 . 
[0021] The vessel 1 1s here a standard vessel of which 
the supply on the charter market Is considerable and the 
prices moderate. The lilting amangement In the shape 
of denlcks 2-3, bearings 4 and winches 6 here constitute 
a separate unit whk:h may be mounted on and dis- 
mounted from tiie standard vessel. 
[0022] Rgure 2 shows an Installation sequence using 
the vessel from Figurel.Atpos.Athewinctnilll is seen 
erected on its base 9 on a quay 12. The vessel 1 1s towed 
to the quay and engagement has been made for lifting. 
At pos. B the windmiii Is lifted and the denlcks are ad- 
Justed so that the windmill is placed over the deck of the 
vessel. At pos. C the windmill Is lowered fbr resting on 
the deck, and the vessel Is towed to the sea. At pos. D, 
the lift for Installation Is Initiated at the previously pre- 
pared location 13. At pos. E, the derricks are adjusted 
again so that the windmill is positioned over its final lo- 
cation. At pos. F, the windmiii is lowered onto its location. 
[0023] The lifting arrangement descrtied In Figure 1 
Is based on separate, centrally actuated derricks and 
winches whk:h largely distributes the load on the vessel 
as a series of point toads without any monnents. By an 
alternative version, the lifting arrangement may be em- 
bodied as one unit, era small number of units, whksh by 
their fastening act on the vessel with a moment but 
whtoh In return are easily mounted and dismounted. 
[0024] A lifting arrangement of tills character is shown 
in Rgure 3. A vessel 14 is provided with a steel con- 
struction 1 5 having a winch 1 6 and a tackle arrangement 
1 7 whk^h enables lifting of the windmill In the same way 
as previously indicated. A cantilever part 1 8 enables fix- 
ing the base 9 to the construction 15 when the windmill 
is lifted from the quay. This fixation provides the greatest 
possible stability during the sea transportation. 
[0025] Rgure 4 shows an Installation sequence using 
the vessel of Figure 4. At pos. A the windmill 1 1s seen 
erected on its base 9 on a quay 12. The vessel 14 is 
towed to the quay, and engagement Is made for lifting. 
At pos. B the windmill is lifted, and the base Is fastened 
to the cantilever part 18. At pos. C the vessel is towed 
to the previously prepared location 13. and the windmill 
is positioned over Its fin al location. At pos. D the windmill 
is lowered upon its locatton. 



Claims 

1. A method for efBcting off-shore wlnc^ills where 
main components for windmill and base are assem- 

5 bled Into one unit at a locatton other than the final 
location, and where the pre-assembled unit subse- 
quentiy Is shipped to and placed at thef Inal tocation, 
charaeleriBed In that the unit Is held with a largely 
vertical orientation of the tower of the mill and is sup- 

10 ported at a point on tiie tower of the mill Immediately 
over the centre of gravity of tiie unit when lifting the 
unit during shipping and installation. 

2. A mettiod for erecting off-shore windmills according 
IS to claim 1, charaeterlsed in that during transport 

the unit is suspended by a support construction on 
a vassal so that It Is transported with the underside 
of the base largely at sea level at a position Inside 
or outside the vessel. 

20 

3. A method tor erecting off-shore windmills according 
to claim 1 , characterised In that during transport 
tiie unit is supported with the base against a surface 
on the vessel. 

4. A method according to any preceding claim, ehar^ 
aderised In that the transport oocuts without use 
of separate buoyancy elements. 

^ 5. A method according to any preceding claim, char- 
acterised in that the base of the windhilll Is formed 
by a gravitat tonal base. 

6. A method according to any preceding claim, char* 
3s aderised In that the base of the windmill at least 

partly Is formed by piles. 

7. A method according to any preceding claim, ehar- 
acteiiMid in that lifting Is performed at a position 

^ substantially below the top of the mill, preferably at 
the tower heUf of the mill construction. 

8. Avessei for erecting off-shore windmills where main 
components of windmill and base are assembled 
imo one unit at a location other than the final loca- 
tion, and where the pre-assembled unit subse- 
quentiy Is shipped to and placed atthe final location 
as the unit is heM witii a largely vertical orientation 
of the tower of the mill when lifting the unit during 
Shipping and installation, eharactertsed In that It 
comprises a support oonstructton with a lifting unit 
conrprlslng connecting elements arranged for inter- 
ac^ng with corresponding connecting elements 
whtoh are situated on the mill tower at a position 

S5 above the centre of gravity of the unit, the support 
construction having a greatest height substantially 
below tiie height of the top of the mill. 
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9. AvesselaccordingtocialmB.characterlBedlnthat 
the support construction and the lifting unit com- 
pletely or partly constitute a separate unit. 

10. A vessel according to claim 8 or 9, characterised 5 
in that the lifting unit mainly comprises centrally ac- 
tuated derriclcB suspended on bearing pedestals 
and a winch used for actuating the denidcs. 

11 . A vessel according to claims B, 9 or 1 0, character^ to 
ised in that the lifting unit comprises a cantilever 
structure that may be fitted and detached from a 
standard vessel. 



12. A vessel according to any of claims B-11, charao- is 
terlsed In that the support construction and the lift- 
ing unit constitute an assembly that may be fitted 
and detached from a standard vessel essentially In 
one piece. 

20 

13. A vessel according to daim 12, characterised in 
that the unit comprising the support construction 
and the lifting unit are fastened to the vessel with 
screw bolts, welding, ballast, or a comblnaUon of 
these methods. 23 

14. A windmill for erection at sea where the main com- 
ponents for windnnlll and base are asaembied Into 
one unit at a location other than the final location, 
and where the pro-assembled unit subsequently is so 
shipped to and placed at the final location, 
characterised in that the windmill haveconnec^ng 
elements on its tower in a position Invnediately over 
the centre of gravity of the unit that may Interact with 
corresponding connecting elements at the top of a ^ 
lifting construction on a vessel. 
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